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EXTENDED PHASE-RANGE, HIGH FIDELITY 
MODULATOR ARRANGEMENT 

BACKGROUND OF THE INVENTION 

The present invention relates in general to modulators 
‘and more particularly to an improved extended range 
phase modulation arrangement for accommodating 
both digital and tone modulation and which exhibits not 
only the desired long term stability but offers optimum 
?delity of modulation at any desired loop bandwidth. 

Present day phase modulated transmitters in highly 
congested metrolpolitan areas may well be expected to 
accomodate both digital and tone modulation. More 
over, the requirements of carrier frequency stability in a 
simulcast environment is such as to more often than not 
require a high stability reference oscillator. However, it 
is known that such oscillators may prove to be rather 
dif?cult to modulate effectively. This is particularly so 
concerning digital modulation at the conventional 14 
KHz deviation reference. 
In any event, certain techniques have been‘ developed 

to provide the desired long term stability and extended 
phase range capability. In addition to the high stability 
reference oscillator, a phase locked loop may be em— 
ployed in conjunction with a suitable voltage controlled 
oscillator whereby the long term stability of the resul 
tant carrier frequency is preserved and maintained by 
the high stability reference oscillator. The desired ex 
tended phase range capability is effectively realized by‘ 
the utilization of a frequency divider arrangement in the 
loop feedback path. For example, the output of the 
voltage controlled oscillator may inteface directly with 
the existing frequency multipliers in the associated 
transmitter apparatus. ’ 
Notwithstanding the realization of the desired long 

term stability for phase or frequency modulators of the 
foregoing type, a problem may well exist concerning 
modulation capabilities and the maintenance of the de 
sired degree of ?delity demanded in present day com 
munication systems. If the bandwidth of the phase 
locked loop, principally determined by the lowpass 
?lter in the feedback path, is too narrow, low frequency 
distortion, or droop, may well occur. The overall loop 
response is simply too slow to accommodate the specif 
ics of the modulation. On the other hand, when the loop 
is'made wide enough to provide for fast response, the 
injected‘ modulation tends to be cancelled out within the 
loop. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an improved wide range phase modulator of 
high stability and high ?delity capable of accommodat 
ing both digital and tone modulation and which over 
comes the foregoing de?ciencies. 
A more particular object of the present invention is to 

provide an improved phase modulation arrangement of 
the foregoing type which utilizes a phase locked loop 
and reference oscillator for long term stability which 
nevertheless has a high degree of ?delity and is substan 
tially independent of loop bandwidth. 

In practicing the invention, a phase modulator ar 
rangement is provided which includes ahigh stability 
reference oscillator and a phase locked loop with volt 
age controlled oscillator. A frequency divider is utilized 
to provide the desired extended phase range capability. 
Modulation information is then added at two separate 
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injecion points within ‘the phase locked loop. The ?rst 
injection point is essentially at the input of the voltage 
controlled oscillator and comprises modulation infor 
mation, whetherdigital or tone, in essentially the same 
form as initially generated. The second modulation 
injection point is preferably at the output of the phse 
detector within the phase locked loop. In this instance, 
however, the modulation is ?rst integrated and then 
injected and, in this manner, cancels or compensates for 
any adverse effect the modulation would otherwise 
have on the operation of the phase modulator apparatus 
as a whole. More speci?cally, the output frequency 
modulation will be undistorted if the gain constant (K0) 
of the associated integrating ampli?er is substantially 
equal to he product of the frequency modulator and 
phase detector sensitivity, divided by N where the N 
frequency divider is utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention which are be 
lieved to be novel are set forth with particularity in the 
appended claims. The invention itself, however, to 
gether with further objects and advantages thereof, may 
best be understood by reference to the following de 
scription when taken in conjunction with the accompa 
nying drawings, in which: 
FIG. 1 is a block diagram of a portion of a radio 

communications transmitter constititing a phase modu 
lator, which modulator has been constructed in accor 
dance with the present invention; and 
FIG. 2 is a partial logic and schematic representation 

of the phase comparator of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
' EMBODIMENT 

Referring now to the drawings, a phase modulator 10 
is shown in FIG. 1 as part of a radio transmitter appara 
tus (not shown), which modulator has been constructed 
in accordance with the present invention. The modula 
tor arrangement 10 includes a high stability reference 
oscillator 12, the construction of which may be of any 
suitable design known in the art such that further and 
more detailed description is not necessary. The output 
of the reference oscillator is coupled to a frequency 
divider 14 which divides by some given number, desig 
nated here as “M”, the only limitation being that it be an 
integer. The output of the frequency divider 14 forms 
one input to a phase detector 18 comprising one part of 
the overall phase locked loop 16. The phaselock loop 16 
includes a further component parts a summer 20, which 
is coupled to a lowpass ?lter 22, the latter in turn being 
coupled to a second summer 24. The output of summer 
24 is coupled to a voltage controlled crystal oscillator 
26, the output of which is coupled to a frequency di 
vider networ 28, which divides by some given number, 
designated here as “N” again, the only limitation is that 
it be an integer. “M” and “N” may or may not be equal 
to one another. The loop is closed by coupling the out 
put of the divider network 28 to another input of the 
phase detector 18. 
Modulation signal components appearing at input 

terminal 32 is applied to the voltage controlled oscilla 
tor (VCO) 26 through the summer 24 and to the output 
of phase detector 18 at summer 20. However, in the 
latter case, it will be noted that the modulation compo 
nents are ?rst integrated in an integrator/ampli?er 30 
before application to summer 20. The output signal 



4,052,672 
3 

from the modulator 10 is at terminal;,34 forming the 
output of the VCO 26. p I i v ' _’ v v 

' In operation, the modulation signal information at’ the 
modulation input terminal 32 is applied throughsum 
mer 24 to the input of the VCO 26. The ‘output modula 
tion at terminal 34 may then be applied directly to the 
transmitter frequency multipliers (not shown). The de 
sign approach herein utilized dictates a phased lock 
loop where the reference is derived from a high stability 
oscillator, such as identi?ed at 12, for obtaining’ the 
desired long term stability. By using a frequency di 
vider, such as identi?ed at 28, in the feedback portion of 
the phase locked loop 16, the phase range of modulator 
10 is effectively multiplied by N. . 
Without more however, the modulator 10 will exhibit 

certain de?ciencies whatever the loop operational char 
acteristics may be selectively designed to be. For exam 
ple, if loop parameters are set so as to provide an apro 
priate fast response, the resultant wide bandwidth may 
well permit cancellation of the modulation components 
being passed through the loop. On the other hand, se 
lecting slow response characteristics necessarily results 
in a narrow bandwidth whichmay well be incapable of 
handling the full range of modulation components and 
will in any event severely compromise ?delity charac 
teristics. 
This may be more fully appreciated by considering a 

narrow, and thus slow, loop characteristic wherein 
modulation is injected only at summer 24. The closed 
loop expression V,,,,,,,(out)/V,,,,,d(in) is equal to 

where: t, and t2 are loop ?lter constants, K0 and KD are 
VCO and phase detector constants, respectively. The 
above expression may be further written as: 

SG 
- Vmadout 1, [$12 + l] 

V». _ 31+ 28W,,S+ W,2 

In this case: 

(KOKDG)l W?lz 
W,,=,T,and8 =_2— 

For frequencies W< <W,,, the expression reduces to: 

VMM out N 
V.-. = 5‘ ITOKD' ) 

Thus, the loop essentially looks like a differentiator with 
gain substantially constant, or: 

N ) 
KOKD 

volts 
sec 

( 

If the integrator/ampli?er 30, however, is designed to 
provide a transfer function, such as: ' 

volts KOKD 
N sec 

it will be appreciated that the differentia‘tionyof the 
modulation by the loop 16 will be effectively cancelled 
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4 
and the modulation components introduced at the VCO 
input alone will not be affected and full ?delity thereby 
realized. 
In other words in the example described, the modula 

tion will contain a certain degree of low frequency 
distortion or droop. This condition is analagous to an 
R-C network, whose corner frequency is not low 
enough with respect to the input frequency. Such a 
condition gives rise to the differentiation of the signal. 
This differentiating process in the present invention is 
utilized to advantage wherein the modulation is pre 
integrated and applied to summer 20. Accordingly, the 
loop can be chosen to be fast or wide to minimize 
lockup time. 
‘Accordingly, the present invention requires modulat 

ing at two separate points in the phase lock loop. The 
?rst, being at the input of the VCO 26 and the second, 
an integrated version, is applied at the input of loop 
?lter 22. The differentiation of the modulation compo 
nents by loop 16 is effectively compensated for by the 
integration action provided by integrator/ampli?er 30. 
Or, said differently, the output frequency modulation is 
undistorted if the gain constant of the integrating ampli 
?er 30 is equal to the product of frequency modulator 
and phase sensitivities, divided, or course, by N, where 
frequency divider N is utilized. 
A speci?c circuit implementation of the modulaor 10 

is shown in a diagrammatic form in FIG. 2. Like numer 
als are employed for corresponding components wher 
ever possible. The reference oscillator 12 of FIG. 1 is 
not speci?cally shown in FIG. 2, since it may be of any 
known design. The output of oscillator 12 is applied to 
terminal 120, forming the input of frequency divider 14, 
in this case consisting of a divide by 2 “D” ?ip-?op, 
Motorola type MC7479, and a divide by 16 programma 
ble divider, Motorola type MC4018. The output of 
divider 14 feeds the phase detector 18, which may be in 
the form of a digital phase detector integrated circuit of 
the emitter coupled logic type, module, Motorola type 
MC12049. ' 

Lowpass ?lter 22 may be provided in the form of an 
operational ampli?er (Op-Amp), type 741, having a pair 
of inputs 20a and 20b coupled to detector 18 through 
series resistors 40. A capacitor 41 is connected from the 
intermediate junction of resistors 40 to ground. Feed 
back is provided by series connected capacitor 42 and 
resistor 43. A further series resistor and capacitor 45 is 
connected between operational ampli?er input 20b and 
ground. 
The output of Op-Amp 22 is coupled through a resis 

tor 50 to one input, 24a, of Op-Amp 24 serving as a 
summer and d-c ampli?er. A resistor 51 is coupled be 
tween its output and input 240. A resistor 52 is con 
nected between the other input 24b of Op-Amp 24 and 
a voltage reference source, generated at the output of 
Op-Amp 36. The output of Op-Amp 24 is coupled to a 
resistance 60 to one input, 250, of Op-Amp 25, serving 
as a d-c ampli?er. The other input, 25b, is coupled to the 
voltage reference through a further resistance 62. A 
feedback resistor 61 is connected between its output and 
input 250. 
The output of Op-Amp 25 is coupled to the input of 

the VCO 26 through a resistance 70. A capacitor is 
connected from the VCO input to ground. The VCO 26 
may be ofiz’a‘h'y I‘ ‘suitable voltage controlled oscillator 
arrangementfsuch' as a crystal controlled oscillator well 
known theart'kThe circuit includes an appropriate 
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crystal, neutralizing components~ and an active element 
such as a transistor (none of which is speci?cally 
shown). 
The output of the VCO 26 is coupled through the 

frequency divider 28 to the input of the phase detector 
18. A frequency divider 28 is similar to that described 
for frequency divider 14. In this case since it is to divide 
by 128, three divide by two, Motorola type 7479 “D” 
flip-flops, are included in combination with a program 
mable divider, Motorola type MC4018, effecting a di 
vide by 16 function. 
The integrator/ampli?er 30 may be provided in the 

form of an additional Op-Amp, type 741, having resis 
tances 80 and 81 in respective inputs 30a 30b and a 
feedback network consisting of parallel connected resis 
tance 83 and capacitance 84. The output of Op-Amp 30 
is developed across an adjustable resistance 85. 
Concerning pertinent operational characteristics, 

loop ?lter constants are selectively controlled by the 
values of resistances 40, 43 and 44 and capacitors 42 and 
44. The integrator constant for integrator/ampli?er 30 
is essentiallly determined by resistance 83 and capacitor 
84. Additional high frequency ?ltering and‘ decoupling 
action is obtained through the resistance 70' and capaci 
tor 71. The reference voltage at the output of Op-Amp 
36 should be adjusted so that the modulation output is 
substantially one half of supply voltage. With the refer 
ence voltage so adjusted, the nominal VCO voltage will 
be such that with no modulation the VCO is substan 
tially at center frequency. This may be accomplished 
with the off set adjustment provided by the adjustable 
resistance 63 in association with Op-Amp 25. 
What is claimed is: 
1. An extended range, high ?delity phase modulator 

including in combination: 
a high stability reference oscillator: 
21 phase locked loop comprising at least a phase detec 

tor, a lowpass ?lter, a frequency divider and a volt 
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6 
age controlled oscillator, said phase locked loop 
having a predetermined gain constant and provid 
ing a differentiating action for applied modulation 
components; 
means coupling said reference oscillator to said 
phase detector of said phase locked loop; 

?rst modulation input means for applying modulation 
signal components to the input of said voltage con 
trolled oscillator; and 

second modulation input means for applying modi?ed 
modulation signal components to said lowpass ?l 
ter, , - 

said second modulation input means including inte 
grating means having a gain constant substantially 
the reciprocal of said phase locked loop gain con 
stant. ' 

2. An extended range, high ?delity phase modulator 
in accordance with claim 1 wherein said ?rst modula 
tion input means includes a summer interposed between 
said lowpass ?lter and said voltage controlled oscillator. 

3. An extended range, high ?delity phase modulator 
in accordance with claim 1 wherein said second modu 
lation input means includes a summer interposed be 
tween said phase detector and said lowpass ?lter and, 
further, an integrator/ampli?er coupled to said sum 
mer. i 

4. An extended range, high ?delity phase modulator 
in accordance with claim 3 wherein said lowpass ?lter, 
integrator/ampli?er and ?rst and second summers are 
provided in the form of operational ampli?ers, said 
frequency divider in the form of resettable flip-flops, 
and said phase detector in the form of a digital, emitter 
coupled logic, integrated circuit. 

5. An extended ‘range, high ?delity phase modulator 
in accordance with claim 1 wherein a further frequency 
divider is interposed between said reference oscillator 
and said phase detector of said phase locked loop. 

# i i i ‘I v 


